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SYSTEM AND METHOD FOR CONTROLLING ENGAGEMENT 



OF A CLUTCH 



FPELD OF TTTF. mw.Krrrr^^f 
[0001] The present inv^tion relates to clutch controls for automatically controlling the 

engagement and disengagement oftxansmissionmaster clutches, andmorepartic^^^^ 
relates to clutch controls that contn,l engagement of a transmission master clutch in 
response to flirottle application. -^^ 

BACKGROTl ]>nD OF TtTlT TNVRIVTrnM 
[0002] Automatic mechanicai transmission systems and the automatic conlxois for the 

master clutches thereof are known>theprior art as may be seenbyreferencetoU.^ 
>^s. 3,478,851; 3,752,284; 4.019.614; 4.^38,889; 4.08^65 a^d 4.361, 061.. the disclosures 
ot which are her^ymcoiporated by refereDce. . . . , 

10003] Briefly, in such antomatic mechamd taSisions .y^ various drive line 
op«ation^ including, fte supply of feel to the engine, fte engagement and disengagtoen. 
of the master ctatch, tte sUfling of .he transmission and .he opemtion of „fl>er devices 
such as input or output shaft bn*es; are amomatically contK-Ued by a conM system blsed 
»poh certam measured, sensed and/or calculatetftoput parameters. TypicaUy. fl.e inpu 
P«ramete« mchde engine speed, throttle position, transmission input and/or output shaft 
speed, vehicle speed, current engaged gear ratio,\pphcation of the taakes and the like 
Ihe tenn throttle position is utilized to signi^ the position or setting of any operator 
controUed device for controlling the supply of fliel to an engine. 

I00O4] Refandng specifically to the automatic ctatoh control, in a vduole equipped witt, an 
automatic mechanical transmission, during nomud operation, ^ starting ftom .est or 
operatmg at a vety low speed. a» master ftiotion ohitch is modulated betwe«. fiiBy 
isaigaged and felly engaged conditions. i.e.. is partiaUy engaged, according to certain 
mput parameters, to maintain the engine speed at a set vahe above idle speed and/or to 
achieve smooth starts. This method of engaging fb. master clutch generally piovides a 
higi qoahty and consistent engaganent of the clutch under aU types of thiotUe 
appUcations. However, a smoofl. and consistent engagement of the clutch is not ■ 
necessarily desi^ble in aU circumstances, particularly when to vehicle is starting out «, a 
st«p grade or when other aggressive petformance is demanded by the driver or fte conttol 
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system. 

STJMMARY OF TTTF. TTyVFTVinrmv 

[0005] In accordance with tiie present invention, a clutch control system and method for 
controlling engagement of a vehicle master clutch is provided that controls engagement of 
the master clutch in response to a throttle operating parameter. The method includes the 
steps of detemaining a throttle operating parameter value and setting an operating mode of 
the clutdi based on Ihe throttle operating parameter value. The method may also include 
the steps of comparing the throtfle cq)erating parameter value to a threshold value and 
setting the operating mode of the clutch based on the comparison step. 
[0006] In another embodiment of the invention, the method includes the st^s of 
determining at least one vehicle operating condition and comparing the vehicle operating 
condition to a predetermined limit. The operating mode of the clutch is then set based on 
the step of comparing the vehicle operating condition to the predetermined limit. 
10007] The control system includes a microprocessor for receiving signals corresponding 
to a throttle operating parameter value. The mioroprocessor sets an operating mode of the 
clutch based on the liirottle operating parameter value or, optionally, the comparison of the 
throttle operating parameter value to a threshold value. In another embodiment of the 
invention, the microprocessor determines a vehicle operating condition and compares the 
vehicle operating condition to a predetermined limit The microprocessor sets the 
operating mode of the clutch based on the comparison of the vehicle operating condition to 
the predetermined limit . 7 ~ 

[0008] Various additional aspects of this invention will become apparent to those skilled in 
the art fiiom tiie following detailed description of the preferred embodiment, when read in 
light of the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a schematic illustration, in block diagram format, of an automated 
mechanical tiansmission system utilizing the control system and metiiod of the present 
invention. 

[0010] FIG. 2 is a schematic illustration in flow chart format of a clutch conti-ol method 
according to one embodiment of the present invention. 
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[0011] FIG. 3 is a schematic illustration, in gr^hical foimat, illustrating exemplaiy throttle 
appUcation rates and corresponding clutch engagement rates according to the control 
method illustrated in FIG. 2. 

[0012] PIG. 4 is a schematic illustration, in graphical format, iUustmting exemplary throtfle 
apphcation rates and corresponding clutch engagement rates according to an alternate - 
embodiment of the present invention. 

[0013] FIG. 5 is a schematic iUustration in flow chart format of a clutch conlxol method 
according to another embodiment of the present invention. 

DETAILED DESCRTPTTOTV QF PREFRRPKD EMBOBTTVnr.lVTQ 

[0014] Refening now to the drawings, there is schematically illustrated in FIG. 1 an at 
least partiaUy automated mechanical transi^iission system 10 intended for vehicular use; ■ • 
The automated transmission system 10 includes a^fuel-controUed engine 12 (such as a . u .3 
diesel engine and the like), a multiple-speed, change-gear transmission 14, and a master • • 
clutch 16 (such as a fiiction master clutch) drivingly interposed between the engine and the . 
input shaft 18 of the transmission. Transmission 14 maybe of the compound type 
comprising a main transmission section connected in series with a spUtter-and/or range- 
type auxiliary section. Transmissions of this type, espedaHy those used with heavy-duty 
vehicles, typically have multiple forward speeds. Bxamplts of such transmissions may be 
seenbyreferencetoU.S.Pat.Nos. 5,390,561 and 5,737,978, the disclosures of which are 
incorporated herein by reference. A transmission oulput shaft 20 extends outwardly from 
transmission 14 and is drivingly connected with the vehicle drive axles 22, usually by 
means of a prop shaft 24, 

[0015] Master clutch 16'includes a driving portion i6A connected to the engine 
crankshaft/flywheel and a driven portion 16B coupled to transmission iqput shaft 18 and 
adapted to fiictionally engage driving portion 16A. See U.S. Pat. Nos. 5,634,541, 
5,450,934 and 5,908,100, which are incorporated by reference. An upshift brake 26 (also 
known as an input shaft brake or inertia brake) may be used for selectively decelerating the 
rotational speed of the input shaft 1 8 for more i^id upshiftmg, as is well known. 

[0016] A microprocessor-based electronic control imit (or ECU) 28 is provided for 
receiving input signals 30 and for processing same in accordance with predetermined logic 
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rules to issue command output signals 32 to various system actuators and the like. 
Microprocessor-based controllers of this type are well known, and an example thereof may 
be seen by reference to U.S. Pat. No. 4,595,986, which is incorporated by reference. 
[0017] System 10 includes a rotational speed sensor 34 for sensing rotational speed of the 
engine and providing an ou^ut signal (ES) indicative thereof, a rotational speed sensor 36 
for sensing the rotational speed of flie input shaft 1 8 and providiag an ou^ut signal (IS) 
indicative thereof, a torque sensor 37 for sensing the torque of the input shaft 18 and 
providing an output signal (IT), and a rotational speed sensor 38 for sensing the rotational 
speed of the ou^ut shaft 20 and providing an output signal (OS) indicative thereof A 
sensor 40 is also provided for sensing a throttle pedal operating parameter and providing an 
output signal (THL) indicative thereof. A shift control console 42 may be provided for 
allowing the operator to select an operating mode of the transmission system and for 
providing an output signal,,(GRT) indicative thereof. System 1 0 also piay include sensors 
44 and 46 for sensing operation of tiie vehicle foot brake (also called service brake) and 
engine brakes, respectively, and for providing signals FB and EB, respectively, indicative 
thereof 

[0018] Master clutch 16 is controlled by a clutch actuator 50 (Autoclutch) responding to 
command output signals 32 from ECU 28. Alternatively, an actuator responsive to control 
output signals may be provided, which may be overridden by manual operation of a clutch 
pedal 48. The engaged and disengaged (Le., "not engaged") condition of clutch 16 maybe 
sensed by a position sensor 16C or may be determined by comparing the speeds of the 
engbie^BS) and the inputshaft (IS). 

[0019] Transmission 14 may include a transmission actuator 52, which responds to output 
signals from the ECU 28 and/or which sends input signals to. the ECU 28 indicative of the 
selected position thereof. Shift mechanisms of this type, often of the so-called X-Y shifter 
type, are known in the prior art, as may be seen by reference to U.S. Pat. Nos. 5,305,240 
and 5,219,391, which are incorporated by reference. Actuator 52 may shift the main and/or 
auxiliary section of transmission 14. 

[0020] Fueling of the aigine is preferably controlled by an electronic engine controller 54, 
which accepts command signals from and/or provides input signals to the ECU 28. 
Preferably, engine controller 54 will communicate with an industry standard data link DL 
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which confonns to weU-]alo^vn industry protocols such as SAE J1922. SAE J1939 and/or 
ISO 11898. ECU 28 may be incorporated within engine controller 54. 

[0021] Additionally,ECU28iselectricallycoupledtothrottiesensor40toreceiveoneor 
moi^ output signals THL. Ou^ut signal THL corresponds to one or more throttle 
operating parameters, including, but not limited to, throttle position, throttle appUcation 
rate, and acceleration of throttle appUcation. For the sake of illustration, the following 
method of controlUng engagement of clutch 1 6 will be described in response to Ihe throttle 
apphcation rate. It will be appreciated that the invention is not limited by the ECU 28 
receiving signals from throttle sensor 40, and that the invention can be practiced by the 
ECU 28 receiving signals from any componmt fliat is capable of detecting the desired 
fueling rate of engine 12, such as engme controller 54. 

[00223 ReferringnowtonG.2,tfa^isilh,str^tedihfIowchartformatameth^ . 
co;i1rol^^ .the engagement of cluteh 16 based on output, signal THL from throttle sensor 

40. ImtraUy, the method of the invention begins at step .<S2.1)..%^^^ . 
output signal THL from throttle sensor 40 (S2.2) corresponding to a throttle operating 
parameter value, e.g.. the throttle application rate, and determines if the subject throttle 
operatingparameter value is greater than a baseline threshold value programmed intoECU 
28 (S2.3). This threshold value corresponds toi the "least aggressive" clutch operating • 
mode, which in the present embodiment, results m the highest quality clutch engagement > 
rate. The highest quality cluteh engagement rate is typically employed in conventional 
automated mechanical transmission syst«ns to smoothly launch a vehicle. When the 
subject throttle operating parameter value is less than or substantially equal to the baseline 
threshold value, or in the absence of an output signal THL, ECU 28 wiD set clutch 
engagernent to the least aggressive operating mode and engage cluteh 1 6 according to the 
hi^est quality engagenient rate (S2.4). 

[00231 If. however, the subject throttle operating parameter is greater than the basehne 
threshold value, then ECU 28 determines if the subject throttle operating parameter is 
greater than a predetermined threshold value X (S2.5). If the subject throttle operating 
parameter value is less than the predetermined threshold value X. but greater than the 
baseline threshold value, ECU 28 wiU engage clutch 16 according to a predetermined 
operating mode that is more aggressive than the least aggressive operating mode described 
above (S2.6). 
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[0024] This process of comparing the subject throttle operating parameter value to a 
threshold value and setting the operating mode of the clutch according to the comparison 
. step is repeated a predetermined number of times until the throttle operating parameter 
value is compared to a maximum predetermined threshold value (S2.7). If the subject 
throttle operating parameter value is less than the maximum predetermined threshold value, 
but greater than the previously compared ftreshold value, ECU 28 will engage clutch 16 
according to a predetermined operating mode that is more aggressive than the previous 
operating mode (S2.8). If, however, tiie subject throttle operating parameter is greater than 
the TnaYiTmiin threshold value, then ECU 28 will set clutch 16 to the most aggressive 
operating mode, which, in the present embodiment, results in clutch 16 being engaged 
according to the most aggressive engagement rate (S2.9). The control method ends at step 
(S2.10). 

[0025] Referring to FIG. 3, the method of engaging clutch 16 according to the embodiment 
of the invention illustrated in F1G..2 is depicted graphically. The top portion ofTlG.iS" 
graphically illustrates four exemplary throttle application rates (A, B, C and D).. The 
bottom portion of FIG. 3 graphically illustrates four exemplary clutch engagement rates (a, 
b, c and d). A Ught application of the throttle is denoted by line D; whereas, a heavy 
application of the throttle is denoted by hne A. For purposes of illustration, the hght 
application of the throttle results in ECU 28 setting clutch 16 to the least aggressive 
operating mode, which corresponds to the least aggressive clutch engagement rate (line d). 
In contrast, heavy appUcation of tiie throttle results in ECU 28 setting clutch 16 to the most 
- aggressive operatingmode^whickcpires^qn^ most aggressive clutch engagement 
rate (line a)/ 

[0026] Referring to FIG. 4, an alternate embodiment of the control method is described. In 
this embodiment, the clutch operating mode is determined as a direct function of the 
subject throttle operating parameter value as the throttle pedal is depressed. Stated 
differently, the subject throttle operating parameter value is not compared to a threshold 
value as described above; rather, the clutch operating mode is a direct functional 
correlation of the instantaneous value of the subject throttle operating parameter value. 
This results in an infinite number of clutch operating modes, which is in contrast to the 
finite number of clutch operating modes described above and shown in FIG. 3. For 
example, the top portion of FIG, 4 plots four exemplary throttle appUcation rates (W, X, Y 
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and Z). The bottom portion of PICJ. 4 plots four exeri^lary clutch engagement rates (w. x, 
y and z), which are a direct functional correlation of each bf curves W, X, Y and Z, 
respectively. 

[0027] Another embodiment of the present invention is shown in HG. 5. In this 
embodiment, the clutch engagement rate is modified only when ECU 28 detennines the 
need for amore aggressive engagement of clutch 16. Under certain vehicle operating 
conditions it maybe desirable to aggressively engage clutch 16, such as when the vehicle is 
starting on a relatively steep grade or carrying a relatively large load, to prevent excessive 
wear or damage to clutch 16. In this embodiment, the method of the invention begins at 
Step (S3.1). Then, ECU 28 will determine if a vehicle opiating condition exceeds a 
predetemiined limit or threshold (S3.2). For example, a vehicle operating condition may 
be the relative inclination of the vehicle when parked on a hill and the predetennined limit 
maybealCinoEnStion.. If the subject vducle operating c^difeft is. less than or. 
substantially Sp^-to-the predetermined limit, tiien BCU:28 ^set^clutch engagement to 
the least aggressive operating mode described above (S3.3). 
. r0028] If. however, the predetermined limit is exceeded, then ECU 28 will set clutch 
engagement to a more aggressive operating mode (S3.4). The more aggressive operating 
mode may causeBCU 28 to engage clutch 16 at a faster rate than the rate of clutch 
engagement prior to the more aggressive operating mode, thereby minimizing the amount 
of time the clutch sUps and resulting heat buildi^ in clutch 16. The aggressiveness of the 
operating mode can be determined by comparing tiie subject throttle operating parameter 
value to apredeteimined number of specified threshold values, or by functionally 
correlating the instantaneous clutch engag^ent rate with the value of the subject thfbttle 
operating parameter value (S3.5). both of these concq,ts having been defined above. The 
control method eqds at step (S3.6). 

[0029] Although certain preferred embodiments of the present invention have been 
described, the invention is not limited to the illustrations described and shown herein, 
which are deemed to be merely illustrative of the best modes of carrying out tiie invention. 
A person of ordinary skill in the art will reahze that certain modifications and variations 
will come within the teachings of this invention and that such variations and modifications 
are within its spirit and the scope as defined by the claims. 
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CLAIMS . 

What is claimed is: 

1 . A vehicle master clutch engagemoit method, comprising the steps of: 
detemuning a throttle operating parameter value; and 

setting an operating mode of the clutch (16) based on the throttle operating 
parameter value. 

2. The method of Claim 1 , wherein the throttle operating parameter value 
corresponds to one of throttle position, throttle application rate and acceleration of 
throttle appUcation. 

.r* w , A -.3. , The method of Claim 1, whereiD^ the step of setting the operating mode . 
is further defined by engaging clutch (16) at an inareasuigly aggressive rate when the 
throttle operating parameter valve is increasing. 

4; The method of Claim 1, further including the steps of deterrnining at 
least one, vehicle operating condition, comparing the vehicle operating condition to a 
predetermined limit, and setting the operating mode of the clutch (16) based on tiie 
comparison step. 

5. A vehicle master clutch engagement method, comprising the steps of: 
determining a throttle operating parameter value; 

comparing the throttle operating parameter value to a threshold value; and 
setting an operating mode of the clutch (16) based on the comparison step. 

6. The method of Claim 5, wherein the throttle operating parameter value 
corresponds to one of throttle position, throttle application rate and accelwation of 
throttie application. 
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7. The method of Claim 5, wherein the operating mode comprises 
engaging the clutch (16) at a least aggressive rate when the throttle operating 
parameter value is less than or substantially equal to a first threshold value. 

8. The method of Claim 7, wherein the operating mode comprises 
engaging the clutch (16) at a faster rate than the least aggressive rate when flie throttle 
operating parameter value is greater than the first threshold value. 

9. The method of Claim 5, wherein the operating mode comprises 
engaging the clutch (16) at a least aggressive rate when no throttle operating 
parameter value is determined. . - . 

10. A control system for engaging a vehicular master clutch (16)' that 
conq>rises an electronic control unit (28) for receiving signals (THL) corresponding to 
a throttle operating parameter value, the electronic control unit (28) setting an 
operating mode of the clutch (16) based on the throttle operating parameter value. 

1 1 . The syistiem of Claim 10, wherein flie throttle operating parameter 
value corresponds to one of throttle position, throttle plication rate and acceleration 
of throttle application. 

12. The system of Claim 10, wherein the operating mode comprises 
engaguig the clutch (16) at an inareasingly aggressive rate when the throttle operatmg 
parameter value is increasing. 

13. ■ The system of Claim 1 0, wherein the electronic control tmit (28) 
receives signals corresponding to a vehicle operating condition, compares the vehicle 
operating condition to a predetermined limit and sets the operating mode of the clutch 
(16) based at least in part on the conqiaiison. 

14. A control system for engaging a vehicle master clutch (16), said 
system comprising: 
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a processor-based controller (28); 

at least one sensor (40) for sensing at least one throttle operating parameter 
and providing an output signal (THL) to said controller (28) indicative thereof; and 

wherein the controller 28 determines a throttle operating parameter value 
based on the received output signal (THL), compares the throttle operating parameter 
value to a threshold value, and sets an operating mode of the vehicle master clutch 
(16) based on the comparison between the throttle operating parameter value and the 
threshold value. 

15. The system of Claim 14, wherein the throttle, operating parameter 
value corresponds to one of throttle position, throttle application rate and acceleration 

of throttle apphcation. •> i 

•* 1 .* . ■ * ' 

16. The system of Claim 14, wherein the operating mode comprises 
engaging the clutch (16) at a least aggressive rate when the throttle operating 
parameter value is less than or substantially equal to a first threshold value. 

17. The system of Claim 16, wherein the operating mode comprises 
engaging the clutch (16) at a faster rate than the least aggressive rate when the throttle 
operating parameter value is greater than the first threshold value. 

18. The system of Claim 14, wherein the operating mode comprises 
engaging the clutch (16) at a least aggressive rate when no throttle operating 
parameter value is determined. 

19. A vehicle master clutch engagement method for use with a vehicle that 
includes a fuel controlled engine, a master clutch and a transmission, the method 
comprising the steps of: 

determining a desired fueling rate of the engine; and 

setting an engagement rate of the clutch (1 6) based on the desired fueling rate 
of the engine. 
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ABSTRACT OF THE DISCLOSURE 
A control system and method is provided for controlling engagement of a 
vehicle master clutch in response to a throttle operating parameter. The method 
includes the steps of determiniiig a throttle operating parameter value and setting an 
operating mode of the clutch based on the throttle operating parameter value. The 
method may include the stqps of comparing the. throttle operating parameter value to a 
threshold value and setting the operating mode of the clutch based on the conoqparison 
step. The control system includes a microprocessor for receiving signals 
corresponding to a throttle operating parameter value. The microprocessor sets an 
operating mode of the clutch based on the throttle operating parameter value or, 
optionally, the comparison of the throttle operating parameter value to a threshold 
value. 
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